INTRODUCTION
Eye injuries by shotgun are not common. They may be caused by gunpowder particles, when usually both eyes, the entire surface of the face and even other parts of the body are affected. Gunpowder particles may penetrate conjunctiva and cornea, and some of them may even penetrate into the eyeball [1, 2, 3] . However, eye injuries from a shotgun can be caused also by buckshot, accidentally during hunting. These injuries are more serious. Buckshot, due to its spherical shape, 5.6 mm caliber, 3.56 g of weight, with a speed up to 1250 m/sec, can penetrate through the eyelids into orbit and stay there or in the surrounding sinuses. Accordingly, the eyeball suffers due to contusion syndrome. A penetrating or perforating injury of the eyeball itself is possible, too [4] [5] [6] [7] . Nowadays, eye injuries caused by air-rifles are very rare compared to the period of several decades ago when such accidents were far more common; they were usually very serious, and common reasons for enucleation of the eyeball [8] [9] [10] [11] . Air-rifle bullet has a 5.52 mm caliber, 1.52 g of weight, and speed up to 200 m/sec. High number of serious accidents was the main reason for withdrawing air-rifles from free sale. Today, such injuries are the result of abuse of residual illegal weapons as toys. This study was aimed at determining similarities and differences of eye injuries caused by these two types of weapons, taking into account a variety of parameters.
OBJECTIVE
This study was aimed at determining similarities and differences of eye injuries caused by these two types of weapons in different settings.
METHODS
Patients with eye injuries caused by shotguns and air-rifles, hospitalized at the University Eye Clinic in Belgrade, Serbia, in the period from January 1 st , 2000 to December 31 st , 2009 were analyzed. All of them were hospitalized as emergency cases. All were examined by an ophthalmologist, their visual acuity was evaluated by Snellen charts, and all had a careful slit lamp and posterior segment examination. The same day, or at least the following day (as soon as possible), x-ray or CT scan was done to confirm or exclude the presence of any orbital foreign body. In the cases where x-ray was sufficient for detection and localization of the foreign body, CT scan was not performed. Dur-SUMMARY Introduction Eye injuries caused by shotgun buckshot or air-rifle bullets are not common but are very severe, causing blindness of the injured eye. Objective By comparison of different parameters, to determine which of these two types of injuries have more serious final effect on vision. Methods A retrospective comparative analysis of patients with shotgun and air-rifle injuries, treated in the period 2000-2009 at the University Eye Clinic in Belgrade was carried out, with patients being divided in two groups depending of the type of the weapon. Age of patients, occupation, days in the week and part of the day when the accidents happened, presence of the retained foreign body, as well as the visual acuity on admission and final visual outcome were reviewed and analyzed. Results There were 16 shotgun and 5 air-rifle injuries. Mean age of patients injured by shotgun was 45.5±11.9 years, while those injured by air-rifle bullets were only 15.0±1.0 years old. Shotgun accidents happened in hunters, on weekends, in the morning, while air-rifle accidents were typical for pupils, on working days, in the afternoon. Final visual acuity following buckshot injuries was: NLP in 6 (37.5%), less than 0.1 in 6 (37.5%) and normal (1.0) in 4 (25%) patients. Out of patients hit by air-rifle bullet, no light perception (NLP) was documented in 4 (80%) while visual acuity remained normal in one patient. ing hospitalization, each patient was treated conservatively, and surgery was performed if required. Intraocular foreign bodies were removed by vitrectomy, while intraorbital ones were not removed. Once discharged, all patients were controlled after 15 days, two months and twice a year later on. There were no outpatients with such an injury.
For the purpose of the study, all patients were divided in two groups: the first group consisted of those injured by buckshot, while another group included people injured by the air-rifle bullet. Sex, age, place of residence, occupation, date and time of injury, nature of eye injury, presence or absence of foreign bodies and their localization were compared, and finally, visual acuity was checked once again.
The analysis of the cases included Fisher's exact test and t-test.
RESULTS
In 10-year period (2000-2009), 3,206 patients with mechanical eye injuries resulting from different causes were admitted and treated. Among them, there were 21 (0.7%) injured by bullet from a shotgun (16) or by air-rifle bullet (5) . In all of them, just one eye was injured. Out of 16 cases with shotgun injury, the right eye was injured in 10 of them and the left one in the remaining 6, while in air-rifle injuries, the left eye was wounded in all 5 cases.
The patients were followed up for 24±6 months after hospital treatment.
In the group with shotgun injury, there were 10 contusions of the globe, 4 perforations and 2 penetrating wounds of the eye. In the second group with air-rifle injuries, there was 1 contusion, 2 penetrating and 2 perforating wounds of the eye.
Demographic characteristics and clinical data for individual patients were listed in Tables 1 and 2 , respectively, while parametric values for these two groups were compared in Table 3 .
DISCUSSION
At the University Eye Clinic in Belgrade, in 10-year period, 16 patients with a shotgun and 5 patients with an air-rifle injury were treated intrahospitally. A small number of air-rifle incidents is understandable, because this kind of weapon is prohibited by law to be used by children, and it is not available in the stores. Similar low incidence of eye injuries by this weapon is reported by other authors [8, 12, 13] .
In the group injured by shotgun, out of 16 patients there was just one female, who was taking care of her cows at the time when she was hit accidentally by one of the hunters who did not notice her. All other 15 victims were hunters, having been hit by another hunter. Roden et al. [14] and Morris et al. [6] report males to be wounded, mainly in the hunt, and in some other sport activities, too (hunting, trap, skeet shooting, and sporting clays) [15] . In the other group with the air-rifle injuries, the majority was males, too: 4 boys and just one girl among 5 patients.
In both groups, all the injuries were unilateral. Other investigators confirm that injuries of this type are unilateral in most of the cases [13, 16, 17] , but simultaneous bilateral wounds have been observed as well [12, 13, 15] .
The mean age in the first group (shotgun) was 45.5±11.5 years and in the second one (air-rifles) it was only 15.0±1.0 years, so the difference is highly significant (p<0.001) ( Table  3 ). Newman and Russo [12] and Schein et al. [17] report that the wounded by air-rifle were 13-15 year old adolescents. Occupation of persons hit by buckshot was as follows: 5 workers, 5 farmers, 4 employees, one retired person and one housewife, while all wounded by air-rifle were pupils (5 cases). It is worth mentioning that all accidents with shotguns in hunters occurred on weekends, in the morning (12 of them on Sunday). The explanation lies in the well known fact that group hunts are always organized on weekends, in the morning, while afternoons are reserved for lunch, socializing and exchange of recognized hunting stories. Pupils used to play with air-rifles in the afternoon on working days, when they were back from school, because the grownups were usually still busy or not at home at that time. In specific, no grownup was present at the time of accident in this group of pupils. In most cases, a schoolmate was the one handling the rifle; the only case when a girl was wounded was when her brother hit her. Schein et al. [17] report that, in the air-rifle incidents, a known person or a friend fired the weapon in 91% of cases and relatives in 40%, while grownups were not present in 11% of the time.
There were 3 kinds of buckshot injuries. Contusions of the eyeball were found in the majority of cases (10 out of 16, or 62.5%). In 7 of them, buckshot penetrated the eyelid, passed the eyeball and remained in the orbit. In all of these 10 patients with contusion of the eye, there was a significant chorioretinal damage, especially in the region of macula, with consecutive cicatrisation and corresponding impairment of visual acuity, i.e. 6 of them had final visual acuity of 0.1 or less. Perforation of the eyeball was found in 4 patients (25%). In all of them, buckshot passed through the eyeball and stayed in the orbit, resulting in the complete loss of function (NLP) in all 4 eyes. A penetrating injury was found in the remaining 2 patients (12.5%) with buckshot within the eyeball and final blindness (NLP) of the injured eye in both cases.
Altogether, patients hit by buckshot had final visual acuity as follows: NLP in 6 (37.5%), 0.1 or less in other 6 (37.5%), while vision remained normal (1.0) in 4 cases (25%) ( Table 3) .
Other investigators with similar number of patients injured by buckshot found similar percent of contusions, perforations and penetrations, with considerably poor functional outcome [13, 14, 15, 18] .
In the air-rifle injured group, 2 patients experienced penetration with a bullet within the eyeball, another 2 had perforation with a bullet in the orbit, while the last one just had contusion of the eyeball with a bullet in the orbit. Final visual outcome was NLP in the first 4 cases, while the vision remained normal in the fifth one (contusion).
Similar percentage of contusions, penetrations and perforations in air-rifle eye injuries with poor visual outcome has been reported by other authors. In Schein et al. series [17] , 84% of cases with penetrating injuries from the airrifle had final visual acuity less than 0.1, while Shattleworth and Galloway [8] report complete loss of vision (NLP) in 53% of their cases with the air-rifle injury. Papers of Assaf et al. [16] and those of Newman and Russo [12] are worthy of note, the first stating that atrophy of the eye is common in the air-rifle injuries, while the second found enucleation as a common outcome. Marshall et al. [18] report that in persons younger than 18 years trauma is the reason for enucleation in 60% of cases, and in 25% of them an air-rifle being the weapon used.
It is obvious that, in both groups of the injured in our series, the complete loss of vision (NLP) was the final functional outcome whenever there was a perforating or a penetrating injury of the eye. Contusions were serious, but functional outcome was better in these cases.
It is significant that not one of the injured in our series had any protective glasses at the moment of accident. Some papers [19, 20, 21] emphasize the importance of wearing appropriate protective polycarbonate glasses for successful prevention of such injuries and effective protection of the eye.
CONCLUSION
It can be concluded that injuries caused by shotgun or airrifle are mostly seen in males. Injuries caused by buckshot are typical for middle-aged men, on weekend days in the morning, while bullets from air-rifle hurt boys of about 15 years, on weekdays in the afternoon. Injuries caused by buckshot are mostly of contusion type, with better visual prognosis, while injuries by bullets from air-rifle usually cause penetrating or perforating injuries of the eyeball, which invariably ends up with complete loss of vision (NLP). 
